The rat kallikrein family consists of multiple closely related proteins. Most of these proteins have been putified from rat submandibular gland (SMG), among them rK9, an enzyme that has a direct vamconstrictory & on isolated aortic rings.
Introduction
A family of serine proteases encoded by a group of genes with a high degree (74-86%) of sequence similarity (for review see Wines et al., 1991) , is known as the kallikrein gene family, since one of the genes encodes tissue kallikrein (rK1). Several proteins of the kallikrein family have been purified from the rat submandibular gland (SMG), including rK8 (Elmoujahed et al., 1990) , which is identical to P1 (Brady et al., 1989) , and rK9, which has previously been named prostatic protease (Winderickx et al., 1989) . SEV (Yamaguchi et al., 1991) . or KLP-S3 (Berg et al., 1992a) . In addition, the prostate has been demonstrated to contain kallikrein-like enzymes. In human prostate, two kallikrein-like genes have been detected, and one of these has been identified as the gene encoding prostate-specific antigen (Lundwall and Lilja, 1987; Schedlich et al., 1987) . In rat prostate, two "As, rKlk8 (formerly mRNA PI) and rKlk9 (formerly mRNA S3), have been sequenced (Brady et al., 1989; Winderickx et al., 1989) . Recently, the corresponding proteins for these two kallikrein-like "As, rK8 and rK9, have been purified from the rat ventral prostate, whereas other proteins of the kallikrein family were not detected (Schpyen et al., 1994) . ficity of the immunofluorescent staining reaction was verified by staining with the primary antiserum after addition of purified SMG or prostate rK9, or other members of the kallikrein family including prostate rK8. rK9-specific immunofluorescence was detected in the prostate ductal structures. In the distal (acinar) segments, rK9 was found in the cytoplasm as granular staining in the middle third of the cell, in the luminal cell wall, and in the secretion within the lumen. In the intermediate segments, strong rK9-specific staining was observed adhering to the luminal wall as well as abundantly within the ductal lumen. The purpose of this investigation was to determine the cellular localization of the kallikrein-like protein rK9 in rat prostate. For this, we used the indirect immunofluorescence technique.
Materials and Methods
Reagents. Fluorescein isothiocyanate (FIX)-conjugated and unconjugated swine anti-rabbit immunoglobulin G (IgG) antiserum and pcroxidase-anti-peroxidase were obtained from Boehringer (Mannheim, Germany). 3,Y-Diaminobenzidine teuahydrochloridc was from Ega-Chcmi (Stcinhcim am Albuch, Germany).
Purifcation of Enzymes. Prostate rK8 and rK9 were purified as described by Sch0yen et al. (1994) . The rK9 preparation, obtained by anionexchange and soybean trypsin inhibitor-affinity chromatography, contained all prostate rK9 isoenzymes. The present rK8 preparation contained some impurities, but no rK9. SMG rK1 (tissue kallikrein), rK2 (tonin). rK7 (csterase B), rK9 (SEV or KLF' -S3), and rKl0 (antigen-y or T-kininogenase) were purified as prwiously described (Berg et al., 1987 (Berg et al., ,1992a Johansen et al., 1987 ). An impure preparation of SMG rK8 was obtained during the purification of rK7 and was identified by its similarity in isoelectric point (PI) and h"oreactivity pattern to purified prostate rK8.
production and Characterization of Anti-rK9 Antisera. hlydonal rabbit antisera against SMG-rK9 were obtained as previously described (Berg et al., 1992a) . The precipitin titer was determined as the inverse value of the maximal dilution of the antiserum that still gave a precipitin line against purified SMG rK9 (0.1 glliter) in double immunodiffusion after staining with Coomassie Brilliant Blue.
BERG, SCHGYEN
Antiserum crossreactivity pattern against rat prostate proteins was investigated by isoelectrofocusing combined with immunobloning. The proteins were separated in flat-bed isoelectrofocusing gels (PI range [3] [4] [5] [6] [7] [8] [9] [10] in the Pharmacia Fast System (Pharmacia; Uppsala. Sweden). and the protein bands were stained with the silver staining technique as described by the manufacturer or blotted on to an Immobilon polyvinylidene difluoridc membrane and immunostaincd as previously described (Berg et al., 1991) . Immunostaining was done with the anti-rK9 antisera in the primary layer (1:2500. v/v), swine anti-rabbit IgG antiscrum (1:1000. v/v) in the second layer, and peroxidase-anti-peroxidase (1:1000, vlv) in the third layer. Staining was developed with 3,3'-diaminobenzidine tetrahydrochloride. Dcmonstration of other members of the kallikrein family in the prostate. i.e., rK8, was achieved by staining in the primary layer (1:2000. vlv) with an antiserum against rat SMG rK7 that crossreacted with rK8.
Tissue. Male Wistar rats 3-4 months old were anesthetized with sodium pentobarbital 70 mglkg IP. The prostate was extirpated and fixed in 96% ethanol overnight (4'C). brought through xylene, and embedded in paraffin (Berg, 1988) . Prostate tissue from other animals was frozen for subsequent homogenization in PBS (0.01 M Na-phosphate. pH 7.4. 0.14 M NaCI) (1:5. wlv) in a Potter-Elvehjcm homogenizer (20 strokes, 4°C).
The supernatant was collmed after centrifugation (20.000 x g. 15 min. 4'C).
Immunohistochemical Staining. Serial sections (5 pm) of paraffinembedded tissue were stained with rabbit antiserum against SMG rK9 in the first layer as previously described (Berg. 1988) . Optimal dilution of the primary antisera (30-min incubation)was established by performance testing. RTC-labeled goat antibody against rabbit IgG was applied in the second layer (130. vlv dilution, 30 min incubation). All dilutions were made in PBS.
Immunological controls were performed by adding an excess amount of rK9 (0.1 glliter) obtained from SMG or prostate to the primary antibody (overnight. 4'C) bdorc application on the tissue section. In addition, sections were also stained with antiserum pre-incubated with purified SMG rK1, rK2, rK7, rK8, and rK10. as well as prostate rK8 (0.2 glliter).
Microphotographs were taken with Fujichrome l6OOD film using automatic exposure for the unadsorbcd antiserum and manually the same exposure time for the corresponding area in neighboring tissue sections stained with adsorbed antisera. The microphotograph slides were scanned in a Pharmacia PhastImage gel analyzer and the obtained images were assembled by a computer graphics design program.
Results

Immunological Characterization of the Anti-rK9 Antiserum
When the antiserum was tested against purified SMG rK9 in double immunodiffusion, a precipitin titer of 8 was detected.
After separation of prostate proteins in isoelectrofocusing gels and staining with the anti-rK9 antiserum after blotting, several immunoreactive bands with PI 6.75-8.35 were detected ( Figure I ), all of which previously had been determined to be isoenzymes of rK9 (Schoyen et al., in press ). The other member of the kallikrein family, rK8. was visualized by staining with an antiserum against SMG rK7 (Figure I ), which shows crossreactivity with several SMG kallikrein-like proteins (not shown). The anti-rK9 antiserum did not stain the rK8 protein band or any other proteins in prostate tissue homogenate.
Localization of rK9 in Rat Prostate
Immunostaining specific for rK9 was observed in the distal and Silver aa -r K 9 r K 7 --rK8 H 9 8 H 9 8 H Figure 1 . The immunoreactivity pattern of the anti49 antiserum (a-rKS) against prostate proteins was visualized in immunoblots after prostate proteins had been separated in flat-bed isoelectrofocusing gels (pl range 3-10). After separation, the protein bands were stained with the silver staining technique (Silver) or blotted on to an lmmobilon membrane and immunostained with the anti-rK9 antiserum (a-rK9). The material applied is marked at the bottom of the lanes: H. prostate tissue homogenate; 9. purified prostate rK9 containing all rK9 prostate isoenzymes with pl 6.75-8.35; 8, an impure preparation of prostate rK8. The pl of rK8 was 5.30. The other member of the kallikrein family in the prostate, rK8, is demonstrated in prostate homogenate by staining with an antiserum against r W (a-rW) that crossreacts with prostate rK8. The a-rK9 antiserum reacted with the rK9 isoenzymes but showed no reactivity against rK8 or other prostatic proteins.
intermediate segments of the ductal system. In the distal (acinar) segments (Figure 2) with an irregularly shaped lumen and a bulky tall columnar type of epithelium, staining was seen in the cytoplasm of the cells, distributed in a granular fashion within the middle third of the cells. Staining was also observed on the luminal wall, but not above the nuclear region. Some staining was also present in the secretion within the lumen. In the intermediate segments (Figures 2 and 3) with a wider lumen and cuboidal to tall columnar type epithelial cells with basally located nuclei, rK9 was found mainly in the luminal secretion and as a rim adhering to the lumi- nal surface. The intensity of this staining was stronger than that in the distal segments. However, no staining was observed in the cell cytoplasm in this segment.
The immunological adsorption controls verified that the staining reaction was due to the presence of rK9. The staining was abolished by addition of both prostate (Figures 2 and 3) and SMG (not shown) rK9 to the primary antiserum, but not after addition of prostate rK8 (Figures 2 and 3) or other kallikrein-like enzymes from the rat SMG (rK1, rK2, rK7, rK8, and rK10) (not shown).
Discussion
In a previous study (Schgyen et al., 1994) . we showed that the rat prostate contained two members of the kallikrein family, rK8 and rK9. For this, we used flat-bed isoelectrofocusing combined with immunoblotting. Kallikrein-like proteins were separated owing to differences in PI. Because of similarities in amino acid sequence, kallikrein-like proteins share antigenic epitopes. We therefore, after blotting onto a membrane, stained with several polyclonal antisera against different kallikrein-like proteins, all expressing crossreactivity against other members of the kallikrein family. However, we were unable to detect other immunoreactive proteins in rat prostate. This finding is in agreement with observations at the mRNA level, where only rKlk9 and rKlk8 were demonstrated (Brady et al., 1989; Winderickx et al., 1989) . The antiserum against SMG rK9 used for localization of rK9 in the present study was. by flatbed isoelectrofocusing and immunoblotting, found to react with prostate rK9 isoenzymes but not with rK8 or other prostate proteins. Furthermore, staining of tissue sections with the anti-rK9 antiserum after incubation with prostate rK9 or rK8 or other kallikrein-like proteins from the SMG, including rK9 and rK8, verified the immunospecificity of the staining reactions. The reason for the presence of a higher number of rK9 isoenzymes in the prostate, compared with the SMG (Schgyen et al., 1994) , is not known, but may be due to differences in the carbohydrate moieties. However, the protein bands in prostate homogenate reacting with the anti-rK9 antiserum have been demonstrated by amino acid analyses to represent isoenzymes with the same amino acid sequence as SMG rK9 (Schsyen et al., 1994) . Therefore, the immunospecificity of the observed tissue section staining reaction should be verified by the performed characterization of the antirK9 antiserum and the included immunohistochemical controls.
In the prostate, rK9 was found in the cytoplasm and the luminal wall of distal segments and as a luminal rim in the intermediate segments of the prostate ductal tree, as well as in the secretion within the ductal lumen. It is therefore possible that rK9 is synthesized in the distal segment cells and secreted into the lumens; rK9 then adheres to the luminal wall in the more distal segments. A similar distribution has also been found in the human prostate for prostate specific antigen (for review see Hara and Kimura. 1989) , which by sequence analysis has been identified as a member of the kallikrein gene family (Lundwall and Lilja. 1987; Watt et al., 1986) . However, the localization of rK9 differs from that of other rat prostate secretory proteins, such as spermine binding protein and prostatic binding protein, which are located predominantly in the intermediate segment perinuclear cytoplasm and lumen ( Lee et al., 1990; Aumuller et al., 1982) .
The localization of rK9. as demonstrated in the present study, agrees with the observation that the expression of rat rK9 mRNA is highly androgen dependent (Winderickx et al.. 1989; Clements et al., 1988) , since androgen dependency along the distal-proximal axis of the prostate ductal network is highest in the distal segments (Prins et al., 1992) .
The function of rK9 is not known. It has been shown to induce endothelium-independent aortic contraction through a mechanism other than formation of angiotensin I1 (Berg et al., 1992b; Yamaguchi et al., 1991) . Whether this has any physiological significance in the prostate is not known. In the human, prostatespecific antigen has the ability to break down the major protein of the seminal clot, i.e., the high molecular mass seminal vesicle protein, causing liquefaction ofcoagulated seminal fluid (Lilja, 1985; Lilja and Laurell, 1985) . However, unlike prostate-specific antigen (Watt et al., 1986) , prostate rK9 was not inhibited by aprotinin (Schsyen et al., 1994) . It is therefore questionable if rK9 is the rat antigen equivalent to human prostate-specific antigen. On the other hand, Winderickx et al. (1989) mentioned (results not shown) that rK9 specifically cleaves several proteins, including the C2 component of prostate binding protein, which is present also in the seminal vesicle secretion and is involved in formation of the copulation plug. rK9 synthesis and secretion up-stream of prostate binding protein within the prostate and the presence of prostate binding protein in seminal vesicle fluid are compatible with an enzyme-substrate relationship between these two proteins. However, further studies are needed to determine the biological substrate for rK9.
In conclusion, the present study demonstrates rK9-specific immunostaining in the distal segment cell cytoplasm and as a luminal rim and in the luminal secretion throughout the prostate ductal tree.
